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USE  OF  IONIZATION  CHAMBERS  IN  OBTAINING 


DATA  ON  RADIATION  AT  POINTS  WITHIN  THE 
HEAD  DURING  DENTAL  X-RAY  EXPOSURE 


Abstract 

A study  to  determine  levels  of  ionizing  radia- 
tion at  various  points  in  and  about  the  human  head 
during  dental  radiography  was  undertaken.  A phantom 
of  tissue-equivalent  wax  was  built  around  an  adult 
human  skull,  and  measurements  were  made  using  small 
Sievert  ionization  chambers  placed  at  the  skin  and 
within  the  skull  at  ten  different  locations. 

Radiation  absorbed  during  full- mouth  intra-oral 
dental  radiography  using  conventional  8"  skin -target 
distance,  65  KV  and.  10  ma  with  1.5  mm  of  aluminum 
filtration,  and  exposing  14  films,  was  measured. 

Dosage  at  the  skin  of  the  cheek  amounted  to  20-25R 
and  various  lower  values  were  obtained  at  other  points 
within  the  head . 

A comparison  of  these  radiation  levels  was  made 
with  measurements  taken  at  the  same  points  in  the  head 
when  using  a panoramic  extra-oral  radiographic  technic. 
Maximum  dosage  in  this  technic  occurred  in  the  lymphatic 
region  of  the  neck  and  a reading  of  .A 2R  was  recorded 
there  during  full-mouth  exposure.  Levels  within  the 
skull  ranged  downward  from  this  value. 
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1 . INTRODUCTION 

A project  at  the  Dental  Research  Laboratory,  National  Bureau 
of  Standards,  sponsored  by  the  U.  S.  Air  Force  Dental  Service,  is 
concerned  with  the  development  of  a device  for  making  extra-oral 
full-mouth  panoramic  dental  X-ray  exposures.  In  connection  with 
this  project,  it  was  desired  to  determine  levels  of  radiation 
produced  at  various  points  in  and  about  the  head  using  the  pano- 
ramic device.  For  purposes  of  comparison,  measurements  were  also 
desired  that  would  indicate  radiation  levels  existing  during  full- 
mouth  exposure  using  conventional  dental  X-ray  technic. 

2.  APPARATUS  EMPLOYED 

Since  the  panoramic  method  employs  a narrow  beam  of  X-rays 
in  making  exposure,  an  ionization  chamber  of  small  volume  was  re- 
quired. Such  a device  was  found  in  the  Sievert  ionization  chamber 
[1,2],  which  has  an  air  volume  slightly  in  excess  of  30  mm,  and  a 
physical  size  which  was  easily  accommodated  in  the  specimens  to  be 
irradiated.  The  Sievert  chamber  (Fig.  1 and  2),  is  a condenser-type 
R meter,  having  a wide  range  of  sensitivity  dependent  upon  the  charge 
applied,  and  can  be  relied  upon  to  produce  measurements  accurate  to 
within  ± 10 % at  the  energies  used  in  this  experiment.  All  voltage 
measurements  after  charging  and  after  exposure  to  radiation  were 
made  using  the  Kiethley  Electrometer.  Using  calibration  curves  pre- 
viously prepared  for  each  chamber,  and  corrections  for  atmospheric 
pressure  and  humidity,  radiation  levels  to  which  the  chambers  had 
been  exposed  were  calculated. 

The  X-ray  source  was  a standard  radiographic  unit,  operated 
at  6l  XV  and  10  ma,  having  \ mm  A1 . equivalent  inherent  filtration. 
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to  which  was  added  1 mm  A1 . The  quality  of  the  radiation  was  18-20 
KEV,  calculated  from  its  absorption  coefficient. 

A wax  phantom  head  was  constructed  about  an  adult  human  skull. 

The  wax  was  of  tissue -equivalent  density  to  X-rays  and  consisted 
of  a mixture  of  50$  paraffin  and  50$  beeswax  by  weight  to  which  was 
added  .5$  by  weight  of  rosin  [3]-  The  phantom  was  constructed  to 
permit  access  to  points  within  the  head  for  the  placement  of  the 
ionization  chambers  (Pig.  3 and  4) . 

3.  EXPERIMENTAL  METHOD 

Ten  points  were  chosen  at  which  to  measure  radiation  levels. 

Several  of  these  were  chosen  because  they  are  located  in  areas  rich 
in  lymphoid  or  glandular  tissue.  Points  at  which  overlap  or  inter- 
secting planes  of  radiation  might  be  expected  were  also  included. 

These  points  were:  (l)  at  the  skin  of  the  neck  when  using  the  pano- 

ramic exposure  and  at  the  skin  of  the  cheek  when  using  conventional 
exposure;  (2)  in  the  region  of  the  sella  tursica;  (3)  in  the  region 
of  the  parotid  gland;  (4)  in  the  sublingual  region;  (5)  in  the  center 
of  the  base  of  the  tongue;  (6)  in  the  cornea  of  the  eye;  (7)  in  the 
region  of  the  thyroid  gland;  (8)  in  the  deep  cervical  lymphatic  region; 
(9)  in  a lower  bicuspid  tooth  socket;  and  (10)  at  a point  just  posterior 
and  medial  to  the  lower  third  molar  tooth.  The  last-mentioned  loca- 
tion was  included  since  the  axis  about  which  the  beam  of  X-rays  was 
rotated  during  panoramic  exposure  passed  through  this  point.  It  was 
desired  to  determine  if  any  excessive  concentration  of  radiation 
occurred  at  this  center  of  rotation. 

Rate  of  delivery  from  the  filtered  X-ray  source  was  approximately 
558  mr/sec  in  air  at  12"  from  the  target  when  using  the  slit  or  narrow 
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beam  in  the  panoramic  technic * and  about  647  mr/sec  in  the  air  at 
the  same  distance  when  using  a round  cone  of  rays  for  the  conven- 
tional intra-oral  technic.  Delivery  rates  were  measured  using  the 
Sievert  chambers . 

Skin-target  distance  was  8"  when  employing  the  standard  intra- 
oral 14  film  radiographic  method  and  varied  from  8"  to  12.5"  depend- 
ing on  the  position  of  the  X-ray  source  at  any  given  time  in  its 
cycle  of  motion  about  the  head  during  radiography  by  the  panoramic 
method.  Total  exposure  time  was  25  sec.  with  the  panoramic  technic 
and  40.5  sec.  with  the  intra-oral  method. 

In  each  full-mouth  exposure  included  in  this  experiment,  the 
conditions  that  would  exist  during  actual  clinical  practice  were 
adhered  to.  Standard  lead-backed  dental  films  (Eastman  Radiatized) 
were  positioned  in  the  phantom  for  each  single  exposure  by  the  con- 
ventional technic.  One  series  of  14  exposures  was  found  to  be  suf- 
ficient to  produce  radiation  levels  at  all  measuring  points  falling 
within  the  range  of  the  ionization  chambers.  It  was  necessary  to 
repeat  the  exposure  ten  times  when  using  the  panoramic  method  in 
order  to  obtain  levels  of  radiation  that  could  be  reliably  measured, 
using  the  same  chambers . 

Total  skin- surface  area  exposed  to  radiation  at  any  point  in 
the  exposure  cycle  using  the  panoramic  method,  amounted  to  less  than 
one  square  inch.  During  exposure  by  conventional  methods,  approxi- 
mately 12  square  inches  of  skin  area  were  irradiated  during  each 
individual  film  exposure  and  overlapping  of  Irradiated  areas  is 
unavoidable  during  a series  of  films  required  for  full-mouth  radiog- 
raphy . 
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4 . RESULTS 

Levels  of  radiation  measured  at  the  points  selected  are  graph- 
ically displayed  In  Figure  5*  It  will  be  noted  that  under  the  con- 
ditions of  this  experiment,  the  highest  level  of  ionizing  radiation 
during  full-mouth  radiographic  exposure  using  the  panoramic  technic 
existed  in  the  cervical  lymphatic  region  of  the  neck  and  amounted 
to  .42R.  The  highest  levels  of  radiation  when  using  conventional 
intra-oral  radiographic  technic,  existed  at  the  skin  of  the  cheek 
and  in  the  region  of  the  thyroid  gland,  where  23  and  27  R,  respec- 
tively, were  recorded. 

5 . SUMMARY 

Levels  of  ionizing  radiation  produced  at  points  in  and  about 
a wax  phantom  of  the  human  head,  were  measured  during  full -mouth 
dental  radiography  by  a panoramic  method  and  by  a conventional  14- 
film  intra-oral  technic . The  panoramic  method  was  found  to  produce 
radiation  levels  approximately  l/50th  as  intense  as  those  recorded 
at  comparable  points  when  using  conventional  dental  radiographic 
technic . 
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Figure  1.  Sievert  ionization  chamber,  showing  small  size 


Figure  2.  Sievert  ionization  chamber.  (c)  Dielectric. 

(a)  Outer  shell.  (dj  Thin-walled  cap. 

(b)  Inner  condenser  element  (e)  Air  chamber, 
with  antenna. 


Figure  3.  Wax  phantom  showing  placement  of  ionization 

chamber  at  skin  of  cheek  and  recessed  location 
for  measurements  in  region  of  neck  lymphatics. 


Figure  4.  Wax  phantom  disarticulated  for  placement  of • ionization  chambers  at 
internal  points. 


FULL  MOUTH  14  FILMS  8'  S.T.D.  FULL  MOUTH  PANORAMIC 

65  KV  lOmo.  1.5  mm  Al.  65  KV  SOmo,  1.5  mm  A3 


Q> 

oc 

O 

In 

o 

z 

H 

< 

ui 

z 

X 

o 

H 

o 

H 

-J 

-1 

111 

z 

0. 

UJ 

H 

O 

1 • 

O 

X 

UJ 

>• 

5 

UJ 

o 

UJ 

< 

0) 

111 

cn 

a 

o 

CL 

C?  Q 


H 

O 

<r 


5 1 6 

CD  > Z 
^ I UJ 

cn  h o 


o 
C -H 
•H  S 
cti 
m fn 

-P  o 
C C 
•H  Cd 
O ft 
ft 

T3 


Figure  5.  Chart  showing  levels  of  radiation  measured  at  10  selected 
and  about  the  human  head  phantom,  using  a conventional  an 
full-mouth  radiographic  technic. 
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